There has been an increased interest in the use of viscoelastic testing to guide blood product replacement during the acute resuscitation of the injured patient. Currently, no uniformly accepted guidelines exist for how this technology should be integrated into clinical care. In September 2014, an international multidisciplinary group of leaders in the field of trauma coagulopathy and resuscitation was assembled for a 2-day consensus conference in Philadelphia, Pennsylvania. This panel included trauma surgeons, hematologists, blood bank specialists, anesthesiologists, and the lay public. 
D espite all of the major advances in resuscitation science that have been integrated into contemporary trauma care, hemorrhage remains the leading cause of preventable death after injury. 1Y3 Because of this, the primary focus of any management strategy for an injured patient is the recognition, control, and mitigation of acute blood loss. One of the key components of this is the correction of any systemic coagulation defects, a problem that is common even at admission, 4Y7 with the potential to become even more pronounced across time. Although, currently, the correction of coagulation defects in the most severely bleeding patient is often achieved with empirical use of fixed ratios of complementary blood products, in ideal circumstances, hemostatic interventions targeting specific defects, guided by laboratory testing, would be preferable.
Current laboratory assays have limitations that restrict their usefulness in guiding the early resuscitation of injured patients who are actively bleeding. A promising alternative, viscoelastic testing, uses whole blood and provides both dynamic and timely information through measurement of clot formation and dissolution across time that can be performed as a point-of-care whole-blood test. Originally described by Hartert in 1948, two commercially available products dominate the current market. The first is the TEG 5000 (Haemonetics Corporation, Braintree, MA), which is used predominantly in the United States, and the other is ROTEM (TEM International GmbH, Munich, Germany), which has a large presence in Europe and Canada. Both of these devices use a pin suspended in a cup of recalcified or native whole blood. As the pin and cup rotate relative to each other with repetitive, controlled, low shear movements, the formation and eventual dissolution of clot are captured as changes in torque, which are then transduced into a visual tracing. Although the mechanical principles underlying the two tests are similar, the different hardware and activators result in different output values (Table 1 ) and reference ranges, with results that cannot be used interchangeably. These principles and reference ranges have been extensively reviewed.
10Y12
Despite its long history, the use of this technology in trauma care has only recently generated widespread interest. Despite the growing evidence base supporting its use, many facets of its integration into clinical care remain unclear and no universally accepted guidelines for its use exist. While this is also true for conventional laboratory testYbased markers of coagulopathy, 13Y16 with the rapidly expanding literature base on viscoelastic testing, and the potential that this technology could change resuscitation practices, a consensus conference was organized. In September 2014, an international group of leaders in the field of trauma coagulopathy and resuscitation was assembled for a 2-day consensus conference in Philadelphia, Pennsylvania. This multidisciplinary panel included trauma surgeons, hematologists, blood bank specialists, anesthesiologists, and the lay public. Nine specific questions regarding the role of viscoelastic testing in trauma patients were developed before the conference by panel consensus and posted for public review. Each of these questions was then reviewed in person using standardized presentations of the relevant evidence by the expert panel. The evidence focused on the early use of viscoelastic testing in civilian adult trauma. Early use was defined as baseline viscoelastic test result thresholds obtained within the first minutes of hospital arrivalVwhen conventional laboratory results are not available. At the conclusion of the presentations, a consensus summary document was developed and reviewed by the panel in an open forum. The conference was held just before a large international trauma meeting and was open to all members and the general public.
At the conclusion of the consensus conference, a tworound Delphi poll was administered to the panel of experts regarding the use of viscoelastic thresholds for triggering the initiation of specific treatments including fibrinogen, platelets, plasma, and prothrombin complex concentrates (PCCs). The Delphi method is a structured interactive communication technique coordinated by a facilitator. The panel of experts answered a set of questions in a preset number of rounds, with an anonymous summary of the results being presented to the expert panel after each round. The experts were encouraged to revise their answers in light of the responses from the other panel members. Responses were collected and analyzed, and conflicting viewpoints were identified. During this process, the range of answers narrows and the group progresses toward a consensus. The results of the Delphi poll will be presented under each appropriate category.
The purpose of this consensus conference was to develop a set of viscoelastic testYbased thresholds ( Fig. 1 ; Table 2 ) that would indicate the need for hemostatic interventions during the acute early phase of resuscitation based on current evidence and expert practice. High-value areas to be targeted for future research were also discussed ( Table 3 ). The specific goals of the conference were to do the following: The acute coagulopathy of trauma as diagnosed by conventional laboratory testing has been associated with a significant increase in mortality. 5, 7 Viscoelastic testing in these patients produces a signature trace of traumatic coagulopathy 17 and is also associated with increased mortality. However, like with conventional testing, strict threshold cutoff values remain elusive as the available data have been generated through the testing of arbitrary thresholds rather than rigorous cut-point analyses. In a prospective analysis of 334 patients evaluated with ROTEM, 18 24-hour mortality was increased when maximum clot firmness (MCF) FIBTEM of 7 mm or less (21% vs. 9%, p = 0.006), clotting time (CT) EXTEM of 100 seconds or longer (45.5% vs. 8.4%, p G 0.001), clot formation time (CFT) EXTEM of 200 seconds or longer (27% vs. 8.7%, p G 0.001), and MCF EXTEM of 45 mm or less (25.4% vs. 9.4%, p = 0.001) were examined. After adjustment for confounding variables, these 20 and derived G, 21 to be independently associated with mortality. Hyperfibrinolysis 22Y24 in particular has been demonstrated by both tests to be tightly associated with mortality. In the work by Schöchl et al. 25 using ROTEM, hyperfibrinolysis (maximum lysis, 100%) was separated into three groups based on the time it was diagnosed (G30 minutes (fulminant), 30Y60 minutes (intermediate), and 960 minutes [late]), demonstrating a stepwise increase in mortality from 73% for late, 91% for intermediate, and 100% for fulminant. Theusinger et al. 26 demonstrated that hyperfibrinolysis associated with trauma had a significantly higher mortality than in patients with hyperfibrinolysis from nontrauma causes or matched patients without hyperfibrinolysis. In the study by Tauber et al., 18 hyperfibrinolysis was associated with a high degree of mortality, especially for those with complete dissolution of the clot within 60 minutes. In a prospective study from France, ROTEM was demonstrated to be highly sensitive and specific for the detection of hyperfibrinolysis, which was associated with a significantly higher mortality (100% vs. 11%, p G 0.05). 27 In two studies using admission TEG data from Denver, 24, 28 one from Los Angeles 29 and another from Houston, 30 hyperfibrinolysis was demonstrated to be a major predictor of death. In the Denver study, 28 for those requiring a massive 
TABLE 2. Key Recommendations
Consideration be given to the use of viscoelastic testing during the early phases of trauma resuscitation. Although clotting time may detect abnormalities in clot initiation, the current evidence is insufficient to recommend an exact threshold for fresh-frozen plasma or PCC transfusion. Although the available data are insufficient to support a precise threshold for fibrinogen replacement, the expert recommendation is to consider cryoprecipitate or fibrinogen concentrate transfusion when abnormalities in clot strength are detected on viscoelastic testing. Viscoelastic testing is highly specific for fibrinolysis and should be used during early trauma resuscitation to identify injured patients with systemic hyperfibrinolysis. Any evidence of hyperfibrinolysis during early resuscitation should warrant consideration of antifibrinolytic medications. The panel recommends against the use of viscoelastic testing for withholding antifibrinolytic therapy. Hypercoagulable or normal results during early resuscitation should lead to the consideration of withholding blood product transfusion. Cost-effectiveness has been demonstrated in the nontrauma setting and is in large part caused by the decrease in the consumption of blood products, which may result from improved hemostatic management. Normal viscoelastic test results can be seen in patients with mechanical bleeding or significant coagulopathy caused by hypothermia, acidosis, warfarin and other oral anticoagulant medications, von Willebrand's disease, platelet inhibitors and platelet dysfunction. The optimal location for equipment setup is institution dependent but should allow for rapid testing and communication to the clinical team if it is to be used for the early resuscitation of bleeding trauma patients. Viscoelastic testing can be used as a point-of-care test. Testing should also meet the local regulations that govern laboratory testing in this location. The person(s) performing the tests and interpreting the results should be trained and educated adequately. 
Question 1b. Massive Transfusion
The ability to predict the need for an MT is clinically relevant, facilitating communication with the Blood Bank and providing lead time for the preparation of blood products. For research study design, this also allows for improved screening for injured patients who will require blood products. The difficulty in answering this question rests with the uncertainty surrounding the optimal definition of what constitutes an MT. Both the volume of blood and the time span across which it is administered are actively being debated. A more pragmatic question may be what viscoelastic test values predict the need for blood product transfusion? The majority of the available data have focused on the MA or MCF as a reflection of clot strength. In a study by Schöchl et al. 31 of 323 patients, using more than 10 units of packed red blood cells (PRBCs) in 24 hours as the definition of an MT, admission FIBTEM A10 and MCF were highly predictive of an MT. Davenport et al. 17 has demonstrated that an EXTEM A5 less than 35 mm could predict the need for an MT faster and more accurately than the international normalized ratio. In the study by Tauber et al., 18 the MCF FIBTEM was independently associated with the need for early blood transfusion within the first 6 hours.
For TEG, Cotton et al. 32 demonstrated an activated clotting time (ACT) longer than 128 seconds predicted the need for more than 10 PRBCs in the first 6 hours (odds ratio [OR], 5.15; 95% confidence interval [95% CI], 1.36Y19.49; p = 0.01) and that an ACT less than 105 seconds predicted not needing any transfusion in the first 24 hours (OR, 2.80; 95% CI, 1.02Y7.07; p = 0.04). In another study from this institution, 33 an alpha angle less than 56 degrees was highly predictive of the need for an MT (OR, 8.99; 95% CI, 2.86Y28.29; p G 0.001) defined as more than 10 PRBCs every 6 hours. Pezold et al. 21 using the same definition of an MT showed that TEG-derived G as a marker of clot strength was an independent predictor as well. In a recent comparison of ROTEM with TEG, 34 A10 values and FIBTEM MCF seemed to be the best discriminators of the need for an MT.
Recommendation of the Consensus Panel
We recommend that consideration be given to the use of viscoelastic testing during the early phases of trauma resuscitation for the following reasons:
1. There is a strong association between early abnormal results (in particular, clot strength and systemic hyperfibrinolysis) and mortality as well as the need for MT. As a point-of-care whole-blood test, viscoelastic testing would theoretically allow for the rapid evaluation of the coagulation profile of an injured patient, allowing a targeted infusion of specific blood products to correct specific deficits. Plasma and the importance of its early role in the resuscitation of the injured patient have been extensively studied; however, studies using ROTEM or TEG to guide its transfusion are lacking. The available data attempt to retrospectively correlate specific viscoelastic test findings to the ''need'' for plasma as evaluated by the amount of plasma given to a patient during a fixed time after the test was run. This study design does not allow a direct evaluation of the impact of plasma infusion for a specific viscoelastic test threshold value.
Using TEG, Nystrup et al. 20 demonstrated that low clot strength correlated with an increased transfusion of plasma within the first 24 hours. In a study by Holcomb et al., 33 all output values except for LY30 predicted plasma transfusion in the first 6 hours. In a study from Denver, 35 maximum rate of thrombin generation more than 9.2 mm/min at 3 hours was associated with a decrease in plasma usage. Not all of the available studies support this association. In a study evaluating 161 injured patients, none of the output values differed between those who did and did not get transfused. 36 ROTEM has also been studied in this manner. Davenport et al. 17 has demonstrated that patients with an EXTEM A5 less than 35 mm were more likely to receive a plasma transfusion (37% vs. 11%, p G 0.001).
For PCC, two retrospective studies were available for review. Schöchl et al. 37 examined 131 patients who received fibrinogen concentrate as the initial treatment. Of these, 98 additional patients received PCC when EXTEM CT was prolonged by 1.5 times normal. A blunt comparison of the observed mortality against TRISS (Trauma and Injury Severity Score)-predicted mortality demonstrated favorable outcomes. In a further study, ROTEM-guided PCC transfusion was compared with patients receiving plasma empirically, demonstrating a decrease in exposure to blood products. 38 
While the CT may detect abnormalities in clot initiation, the current evidence is insufficient to recommend an exact threshold for fresh-frozen plasma or PCC transfusion.
The two-round Delphi poll revealed little agreement among the participants when asked about the viscoelastic triggers for the transfusion of plasma or PCC. Of the participant
group, 15 (65%) of 23 would consider transfusion when EXTEM CT was 80 seconds or longer (plus EXTEM A10 Q 40 mm or EXTEM MCF Q 50 mm). The major concern among the participants was the lack of rigorous data to support this recommendation and the differences between plasma and PCC. Low platelet count and low fibrinogen levels may also prolong EXTEM CT and should be considered in the decision to use this value as a transfusion trigger for plasma or PCC.
QUESTION 3. IS THERE A VISCOELASTIC TEST PARAMETER THRESHOLD THAT CAN BE USED TO GUIDE THE ADMINISTRATION OF FIBRINOGEN CONCENTRATE OR CRYOPRECIPITATE?
Fibrinogen is essential for hemostasis and is one of the first clotting factors to fall to critical values after major traumatic hemorrhage. 39Y41 Depressed levels have been associated with poor outcomes including mortality. 22,39Y42 There is a lack of consensus on the optimal serum level that would require replacement with trigger values ranging from 0.8 to 2.0 g/dL. 43 The current standard for conventional fibrinogen testing is the Clauss method of fibrinogen measurement. Although it can take upward of 30 to 60 minutes to obtain the result, FIBTEM correlates well with this value. 41, 44 In the presence of artificial colloids in particular, the Clauss method may overestimate fibrinogen levels, thus favoring the use of viscoelastic testing. 45 Preclinical animal models demonstrate that ROTEM-guided fibrinogen supplementation in trauma can be effective. 46Y48 Clinically, because ROTEM can identify low levels of functional fibrinogen, it can help direct replacement therapy in fibrinogen-depleted states. 46, 49 Rugeri et al. 44 has shown that there is good correlation between fibrinogen and FIBTEM A10, with a trigger value of 1 g/dL equal to a cut point of 6 mm. Other groups have used a FIBTEM A10 of less than 7 mm or MCF of less than 7 mm 18 or a FIBTEM MCF of 10 to 12 mm. 37, 50 The direct impact on survival of using these thresholds for fibrinogen replacement is not known.
Recommendation of the Consensus Panel
Although the available data are insufficient to support a precise threshold for fibrinogen replacement, the expert recommendation is to consider cryoprecipitate or fibrinogen concentrate transfusion when abnormalities in clot strength are detected on viscoelastic testing.
The two-round Delphi poll revealed agreement among 20 (87%) of 23 participants who would consider the administration of a fibrinogen concentrate or cryoprecipitate in patients with the following viscoelastic testing parameters: FIBTEM A10 of less than 10 mm corresponding to a FIBTEM MCF of less than 12 mm (plus abnormal low EXTEM A10 G 40 mm corresponding to an EXTEM MCF G 50 mm). There was concern expressed by 3 (13%) of 23 participants regarding the threshold. These participants favored a lower treatment threshold of FIBTEM A10 of less than 7mm corresponding to a FIBTEM MCF of less than 9 mm to avoid excessive fibrinogen administration (Fig. 1) 
QUESTION 4. IS THERE A VISCOELASTIC TEST PARAMETER THRESHOLD THAT CAN BE USED TO GUIDE THE ADMINISTRATION OF ANTIFIBRINOLYTIC MEDICATIONS?
Fibrinolysis is an integral part of the coagulation process. After injury, excess fibrinolysis has been implicated as an important component of early trauma-induced coagulopathy and, as discussed in Question 1, is tightly associated with mortality. This becomes important because there are pharmacologic antifibrinolytic agents available to mitigate this hyperfibrinolysis, which when tested in a large multinational randomized controlled trial was shown to decrease mortality. 51 Because of the study design and lack of mechanistic coagulation data, however, universally accepted indications for antifibrinolytic administration have not been established and viscoelastic testing in theory may provide guidance. Conventional coagulation testing is not practical for diagnosing hyperfibrinolysis. The euglobulin clot lysis test is not available in most centers at all times of the day and takes 90 minutes of observation before the test is complete. Using viscoelastic testing, however, an estimate of systemic fibrinolysis can be obtained with good correlation to the euglobulin clot lysis values. In the study by Levrat et al., 27 87 trauma patients were prospectively studied using both admission ROTEM and euglobulin clot lysis time with hyperfibrinolysis defined at less than 90 minutes. Using threshold values of EXTEM MCF 18 mm, CLI30 71%, and increase of APTEM MCF 7%, a sensitivity of 100%, 75%, and 80%, respectively, with a specificity of 100% was found. In the work done by Raza et al., 52 the magnitude of fibrinolysis may in fact be greater than that detected by viscoelastic testing when plasmin-antiplasmin complex and D-dimer level analysis is used as the gold standard for measurement. The optimal cutoff for treatment or additional doses of antifibrinolytic medications if required however have not been studied. The original LY30 threshold of 7.5% 30 may be too high. Work done by the group in Denver using TEG 28, 53 suggests that at an LY30 of 3% or greater may be a more sensitive cutoff value for the detection of hyperfibrinolysis. To date, however, a validation of the outcomes associated with viscoelastic testYguided antifibrinolytic therapy has not been performed. Likewise, the sensitivity of viscoelastic testing is insufficient to support its use for withholding antifibrinolytic therapy if hyperfibrinolysis is absent.
Recommendation of the Consensus Panel
Viscoelastic testing is highly specific for fibrinolysis and should be used during early trauma resuscitation to identify injured patients with systemic hyperfibrinolysis.
The panel recommends against the use of viscoelastic testing for withholding antifibrinolytic therapy.
While waiting for viscoelastic test results may delay timely antifibrinolytic therapy, the panel recommendation is that any viscoelastic evidence of hyperfibrinolysis during the early resuscitation of a bleeding trauma patient should warrant consideration of antifibrinolytic medication administration if not yet already administered.
The two-round Delphi poll revealed agreement among 21 (91%) of 23 participants who would consider the use of an antifibrinolytic medication in patients where there is viscoelastic evidence of lysis (Fig. 1) . Viscoelastic parameters consistent with fibrinolysis include ML of 5% or more within 1 hour (corresponding to an LI60 e 95%), EXTEM A5 less than 35 mm (corresponding to an EXTEM A10 G 45 mm or an EXTEM MCF G 55 mm), or a flat line in FIBTEM (FIBTEM CT 9 600 seconds).
QUESTION 5. IS THERE A VISCOELASTIC TEST PARAMETER THRESHOLD THAT CAN BE USED TO GUIDE THE ADMINISTRATION OF PLATELETS?
For the administration of platelets, viscoelastic testing has been correlated to platelet counts that are commonly used as a transfusion trigger (50 Â 10 9 /L and/or 100 Â 10 9 /L). In a retrospective study of 44 patients where the platelet count was compared with the MA, 54 correlation with a k-value of 0.48 was found. When transfusion thresholds were compared, platelet count less than 100 Â 10 9 /L and MA less than 52 mm demonstrated near-identical impact on transfusion decision making. In a study of 90 patients, 44 platelet count was correlated to INTEM A15 (r = 0.57) and EXTEM A15 (r = 0.56). An INTEM A15 of less than 46 mm correlated well to a platelet count of 50 Â 10 9 /L, with a sensitivity of 100% and a specificity of 83%. In another study, 34 platelet count correlated best with INTEM A10 (Spearman's p = 0.54) and EXTEM A10 (Spearman's p = 0.51). Several reports have published cutoff values for platelet transfusion; however, these are based on expert opinion. ROTEM values of EXTEM A10 less than 40 mm, 55 EXTEM A10 less than 35 to 42 mm, 56 and INTEM A10 less than 40 mm 57 and TEG values of MA less than 45 to 49 mm 56 and MA less than 55 mm 58 have been published. The differing cutoff values tested in these studies and the lack of uniformity in platelet transfusion practices make the determination of a threshold viscoelastic test value unattainable.
Recommendation of the Consensus Panel
The available data do not support an exact threshold for treatment; however, the two-round Delphi poll revealed agreement among 21 (92%) of 23 participants who would consider platelet transfusion in patients where viscoelastic testing demonstrated an abnormally low EXTEM A10 or EXTEM MCF (plus normal FIBTEM A10). It was noted by the participants that this was an indirect measure of platelet function. An abnormality in these measures may be specified as any EXTEM A10 or EXTEM MCF below the reference range (EXTEM A10 G 40 mm corresponding to an EXTEM MCF G 50 mm).
The considerations supporting this recommendation are the following:
1. There is a correlation between clot strength as measured by viscoelastic testing and platelet count. 2. A high fibrinogen level can mask abnormal platelet count or function on clot firmness.
QUESTION 6. IS THERE A VISCOELASTIC TEST PARAMETER THRESHOLD THAT CAN BE USED TO WITHHOLD THE TRANSFUSION OF BLOOD PRODUCTS?
In the acute resuscitation phase of a trauma patient, as long as there is no clinically apparent bleeding, normal viscoelastic test values should allow for the withholding of blood products. There are no studies available to support this; however, the administration of plasma or platelets to a hemodynamically normal patient with no evidence of bleeding and normal ROTEM or TEG values would be difficult to justify. In the study from Houston, an ACT of less than 105 seconds was associated with no need for transfusion in the first 24 hours. 32 For the hypercoagulable patient, the administration of blood products would be contraindicated. The hypercoagulable state can be diagnosed by viscoelastic testing but not by conventional coagulation tests. 59Y63 This state can be seen early on admission blood sampling and would preclude the need for any blood product transfusion acutely unless otherwise dictated by the patient's clinical presentation.
Recommendation of the Consensus Panel
While there are no data to support the use of viscoelastic testing results to withhold transfusion, the panel recommendation is that hypercoagulable results during early resuscitation should lead to the consideration of withholding blood product transfusion. There is also evidence that hypercoagulable viscoelastic testing results are associated with a reduced need for hemostatic resuscitation.
QUESTION 7. IS THERE A PRACTICAL ADVANTAGE IN TERMS OF COST, TIME, OR LOGISTICS WHEN VISCOELASTIC TESTING IS COMPARED WITH CONVENTIONAL LABORATORY TESTING? Question 7a. Cost
Cost data in general are lacking. There are complex factors that need to be considered that include equipment costs, maintenance, training, personnel, sample handling, and data entry, all of which can vary according to the setup of the system within a specific institution. The migration from a standard conventional testYbased protocol for the transfusion of components to one using a viscoelastic testYbased algorithm in the cardiac surgery literature 64 reduced costs at one institution by $267,658 per year. In a study out of Houston, as emphasized by the authors, cost and charge values vary widely between institutions; however, at this hospital, the charge for a set of conventional laboratory tests was comparable to that for TEG ($286 vs. $317). 33 The National Institute for Health and Care Excellence Diagnostics Assessment Program in the United Kingdom performed an evidence review for viscoelastic testing. 65 They found in their cost-effectiveness analysis that this test would be cost-effective if more than 80 tests were performed each year.
Question 7b. Time
The time to data output can be critical if viscoelastic testing or any other coagulation parameter is to be effectively integrated into the early phase of resuscitation. This has long been espoused as one of the advantages of viscoelastic testing over conventional coagulation tests, especially if performed as a point-of-care test. When platelets were examined, the median turnaround time for the standard platelet count was 13 minutes (interquartile range [IQR], 9Y22 minutes) as compared with 12 minutes for EXTEM A5. 66 In a different study, the conventional test took 16 minutes (SD, 10.3) compared with 63.7 minutes (SD, 19.1) for the full tracing, with preliminary data becoming available at approximately 30 minutes. 67 In this study, a conventional coagulation laboratory panel took 20 minutes (SD, 9.9) as compared with 60 minutes for the full tracing.
For fibrinogen and fibrinolysis, viscoelastic testing however may have a distinct advantage. The turnaround time for Clauss fibrinogen in one study was 37 minutes (IQR, 31Y54 minutes) as compared with 12 minutes for FIBTEM A5. 66 In a pediatric study, fibrinogen testing took 53 minutes (IQR, 45Y63 minutes), whereas the A10 measurement took only 23 minutes (IQR, 21Y24 minutes). 68 Of note, the standard Clauss fibrinogen assay can be modified to provide a more rapid result. 69 For fibrinolysis, TEG and ROTEM remain the only practical tests available in the acute resuscitation phase as the standard euglobulin clot lysis test is not available in most centers at all times and takes 90 minutes of observation before the test is complete.
Question 7c. Accuracy
The quality control process is a major issue for viscoelastic testing especially if it is used in a satellite setting away from the core laboratory as a point-of-care test by a clinical care provider. An external proficiency testing report 70 from the United Kingdom's National External Quality Assessment Scheme raised major concerns regarding the lack of precision of both TEG and ROTEM. Overall, 18 TEG and 10 ROTEM users were sent a total of eight blood samples including both normal and abnormal samples. They found a lack of uniformity in the output values, with coefficients of variance ranging from 7.1% to 39.9% for TEG and 7.0% to 83.6% for ROTEM. 70 The results between centers were so different that if transfusion decisions were made based on these results, the treatments would have differed between centers. There may be differences between the two available technologies. In one study performed in cardiac patients, ROTEM analyses were found to be more reproducible than those found on TEG. 71 
Recommendation of the Consensus Panel Question 7a. Cost
The costs of starting a program may range from 100,000 to 125,000 USD. Ongoing costs are comparable to those of other conventional coagulation tests.
Cost-effectiveness has been demonstrated in the nontrauma setting and is in large part caused by the decrease in the consumption of blood products, which may result from improved hemostatic management.
Question 7b. Time
There is a time advantage with the use of viscoelastic testing for the measurement of fibrinogen and fibrinolysis and overall screening of hemostatic competence.
Question 7c. Accuracy
Accuracy and reproducibility of viscoelastic testing in the trauma setting requires further study.
QUESTION 8. ARE THERE PATIENT VARIABLES THAT CAN INTERFERE WITH THE INTERPRETATION OF VISCOELASTIC TEST RESULTS?
Patient variables can affect the results obtained from viscoelastic testing. Because viscoelastic tests work by activating plasma coagulation, which in turn recruits platelets with the strong platelet activator thrombin, problems in the normal weak platelet activation pathways may not be detected. Platelet adhesion defects in a high shear situation such as von Willebrand's disease can be missed. Likewise, drug-related coagulopathy caused by aspirin, clopidogrel, or hydroxyethyl starch will also go undetected. 72 However, GPIIb-IIIa inhibitors will be detected. Therefore, in clinical practice, where the coagulopathy is being driven by defects in platelet adhesion or adhesion-coupled activation, the platelet count may be a better marker for thrombocytopenic bleeding. MCF, as measured on ROTEM, has also been demonstrated to correlate with the changes in clot strength caused by anemia. 73, 74 Alcohol has also been demonstrated to result in a hypocoagulable state, with decreased fibrin formation, clot strength, and rate of fibrin cross-linking. 75 This may be gender specific, with a positive correlation to alcohol seen in men. The presence of gender differences in normal viscoelastic testing is unclear. 76 For pediatric reference ranges, older than 1 year, minimal differences have been noted with increasing age. 77 Preanalytic variables include the technique of drawing and the use of anticoagulation.
78Y80 Unlike the elective blood draw for conventional testing, which is performed by a trained clinician gently using large-bore silicone-lined needle, sample acquisition and handling in the chaotic trauma bay may result in platelet activation by shear, with subsequent loss of activity and alteration of the test result. 80 This has been demonstrated by testing a sample repeatedly during the first hour after the draw. 79 If a nonanticoagulated sample is used, differences in the time from draw to test will result in variability in the test results. 81 If anticoagulated samples are used, the choice of 1.8-or 3.6-mL citrated tubes has been shown to not make a difference; however, care should be taken to fill the tubes completely. 82 Analytic variability also exists. Basic test preparation such as ensuring the ROTEM machine in the mobile mode is up to temperature can be easily controlled. User variability in pipetting, reagent stability, and the maintenance and calibration of equipment however are much more difficult to control and can all impact the output values. Individual tests run on different units, between different channels of the same unit, between morning and afternoon measurements show a high degree of variability. 83 In the National External Quality Assessment Scheme surveys, as discussed earlier, high variability and poor reproducibility of the test results were seen even when the same sample was run on the same machine by the same technologist. 70 
Recommendation of the Consensus Panel
There are multiple factors that impact viscoelastic testing results.
Normal viscoelastic test results can be seen in patients with mechanical bleeding or significant coagulopathy caused by hypothermia, acidosis, warfarin and other oral anticoagulant medications, von Willebrand's disease, platelet inhibitors, and platelet dysfunction.
QUESTION 9. WHAT IS THE BEST LOCATION FOR THE VISCOELASTIC TESTING UNIT AND WHO SHOULD OPERATE THIS EQUIPMENT?
These viscoelastic tests can be run either as point-of-care tests at the bedside or as core laboratoryYbased tests. Having the unit located in the emergency department or operating room allows for faster time to delivery of results; however, this requires a trained technologist or clinical team member in this location available to run the test. In the United States, the Clinical Laboratory Improvements Act of 1988 allows the device to be used as a point-of-care test or as a laboratory instrument. In Europe, where hematology and blood bank are a combined specialty for laboratory technologists, having the device in the Blood Bank allows the transfusion staff to monitor the need for components and work with a transfusion medicine specialist to manage the blood therapy. Even if performed at a centralized core laboratory, these results can be immediately processed and visualized in real time by the clinical team on a variety of platforms including clinician handheld devices. To date, there are insufficient data comparing bedside and core laboratoryYrun samples. Ultimately, how viscoelastic testing is integrated into a specific system will depend on local factors such as the physical infrastructure and human resources.
Recommendation of the Consensus Panel
The optimal location for equipment setup is institution dependent but should allow for rapid testing and communication to the clinical team if it is to be used for the early resuscitation of bleeding trauma patients. Viscoelastic testing can be used as a point-of-care test.
Testing should also meet the local regulations that govern laboratory testing in this location.
The person(s) performing the tests and interpreting the results should be trained and educated adequately.
Further refinement of the technology for performing the test, improving throughput, and for the transfer of results to the medical record is required. AUTHORSHIP K. I. contributed to data interpretation, guidelines derivation, writing, and critical revision. S.R., P.V., J.C., R.D., J.H., M.M., D.B., K.B., A.C., M.P.C., J.C., B.A.C., N.C., D.F., D.F., K.G., T.H., K.K., W.M., B.N., S.S., H.S., M.S., and O.T. contributed to data interpretation, guidelines derivation, and critical revision.
